Low concentrations of Campylobacter jejuni cells in environmental samples make them difficult to study with conventional culture methods. Here, we show that enrichment by amoeba cocultures works well with low-concentration samples and that this method can be combined with molecular techniques without loss of genetic specificity.
C
ampylobacter jejuni is a frequent cause of human gastroenteritis worldwide (1) , with a large impact on health and economy (1) (2) (3) . C. jejuni has a broad host range and inhabits many different animal hosts, both domestic and wild, and can be detected from environmental samples (2, 3) . Isolation of C. jejuni from some food products or human stool samples is usually rather simple, due to a high number of bacterial cells present (4) , and can be conducted by direct plating on selective agar or through enrichment prior to plating (5) . However, contaminated drinking water and water recreation areas are believed to be an important additional source of infections and outbreaks (3, 6, 7) . C. jejuni in environmental milieus has been inadequately investigated compared to other sources, and more attention is needed to acquire a more detailed picture of the epidemiology and genetic diversity of this complex pathogen (6, 8) .
Detection of C. jejuni in environmental samples is problematic due to the low densities of this species in relation to the normal microbial background. Detection usually requires filtration of water followed by sample enrichment; therefore, it is labor-intensive and could generate false-negative results (6, 9, 10) . Performing PCR-based detection instead of isolation could include detection of DNA from dead C. jejuni, which may be undesirable if investigating an outbreak (10) .
To solve the problem with low bacterial count of C. jejuni in environmental surroundings (7), a method of coculturing C. jejuni with the amoeba Acanthamoeba polyphaga (the ACC method) has been proposed (11) . This enrichment method is based on the ability of C. jejuni to invade, survive, and multiply intracellularly in amoebas (11) (12) (13) (14) . However, there is uncertainty with the method of selective amplification of certain bacterial strains compared with others or whether the intracellular environment of the amoeba selects for changes in the genes of interest for further subtyping. This would be of particular concern for antigenically important proteins, including the flagella. The aims of the study were (i) to evaluate this combination of methods for further molecular and genetic studies of C. jejuni isolates, (ii) to evaluate the performance of the amoeba coculturing method at low inocula of C. jejuni from various sources, and (iii) to assess the stability of multilocus sequence typing (MLST) housekeeping genes and the flaA gene after passage through amoebas.
In brief, 40 MLST-characterized wild-bird-or food-animalassociated C. jejuni strains from previously published studies were chosen to represent C. jejuni from diverse sources (15) (16) (17) . Additionally, a reference strain (CCUG 11284) was included. The sampling and primary isolation procedures are described in previous studies (15, 17, 18) . Each strain had a unique sequence type (ST), and the collection of strains was chosen to reflect a high genetic diversity and also included genotypes from wild bird and food animals, some of which (e.g., ST-45, ST-177, and ST-991) have previously been detected in environmental samples (Table 1) . Each strain was passed through amoebas using the ACC protocol (11), with amoebas in trophozoite form (14) (Fig. 1) . To mimic the conditions for environmental samples with low numbers of C. jejuni, a dilution series was performed for each strain, and a final concentration of approximately 1 to 10 CFU/ml was chosen. Microscopic observations determined high and low degrees of bacterial amplification by lysis of amoebas and entrance of C. jejuni into the surrounding medium (Fig. 1) . Samples with a low quantity of C. jejuni were incubated an additional 24 h.
Following passage and subsequent amplification in amoebas for each C. jejuni strain, the STs and clonal complexes (CC) were determined for the 41 bacterial strains through DNA preparation, PCR amplification, and nucleotide sequencing using standard C. jejuni MLST protocols (15, 19, 20) . MLST is at present a commonly used method for genotyping of C. jejuni due to reproducibility and the existence of an international epidemiological database (http://pubmlst.org/campylobacter/) (15, 19, 21) . To increase discriminatory power, the virulence gene, flaA, with its short variable region (SVR-fla), was sequenced and used as a complementary target (21) (22) (23) (24) , in line with recommendations for outbreak investigations (25, 26) .
flaA typing was performed using the protocol previously described (24) , with the use of a 321-bp sequence containing the SVR-fla that was determined for each isolate prior to and after amoeba passage (10, 22, 24) . Acquired forward and reverse sequences were aligned to create contiguous fragments. SVR nucleotide allele numbers and peptide numbers were assigned for each contig through the use of the MLST database.
All the strains used (Table 1) were successfully enriched by the ACC method, when added at a concentration of approximately 1 to 10 CFU/ml of C. jejuni. Some strains needed an extra 24 h of incubation time, which could be due to low concentration and/or depending on strain and small variations of CFU added to the amoebas. The MLST types and the SVR-fla sequence showed no genetic changes after being cocultured with A. polyphaga (Table 1) . However, difficulties in acquiring a high-quality sequence of the SVR-fla gene could be seen in two blackbird (Turdus merula) isolates. This is not unexpected, as these types of environmental isolates are utilized less frequently; hence, there is a need of improvement in flaA typing to match better with environmental and wild-bird-associated strains.
More work is needed to evaluate if bacteria compete to enter the amoebas and/or if replication is selective when more than one type of C. jejuni is present, which could be the case in samples from environmental matrices. Initial trials indicate that competitive inhibition and/or change in genealogy might occur, and it is plausible to consider that homologous recombination could occur when more than one C. jejuni strains are mixed (27) . Further work should address the effect of competition during replication and whether differing lineages have different growth characteristics. The suitability of this approach for investigation of the molecular epidemiology and population structure of C. jejuni will hopefully increase the environmental C. jejuni data. The risk of losing valuable C. jejuni variants during sampling, especially from environmental samples, can be lowered, providing more complete data sets. The combination of methods presented here shows not only stability of the genes during passage but also to be a promising mapping tool to enhance Campylobacter research both genetically a Unique ST numbers making up the allelic profile of the seven loci from the MLST database (http://pubmlst.org/campylobacter/) before and after internalization into the amoeba. b Allele and peptide numbers from the flaA database (http://pubmlst.org/campylobacter/) before and after internalization into the amoeba. SF, flaA sequencing failed to work.
and for investigations of sporadic cases emerging from sites problematic to sample to improve the public health.
